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ABSTRACT
Observations of solar bursts using the multiple-beam technique define unambiguously the fast time structures
present in the flux time profiles, providing, at the same time, their spatial positions. A method was developed
to identify these structures and was used in the analysis of two solar events observed at 48 GHz. The bursts’
energy content at different time intervals was found to be directly proportional to the number of structures in
the same intervals, confirming earlier findings that the microwave burst emission is quantized in energy. The
discrete structures are found to be spatially scattered, exhibiting angular separations of up to 250. The results
favor models of plasma instabilities that produce multiple discrete elementary energy injections scattered in space
and time.
Subject headings: Sun: flares — Sun: radio radiation
1. INTRODUCTION
The sudden and fast energy release in solar flares has been
a central problem in solar physics for decades. The total energy
released in timescales of subseconds to tens of minutes ranges
from 1027 to 1032 ergs. For a long time, it was thought that
impulsive microwave bursts were structureless and character-
ized by a fast rise followed by an exponential decay (Kundu
1980). Large and small solar bursts would then be the response
to large and small energy release rates, respectively (Spicer
1981). However, with the continuously increasing sensitivity
and time resolution of microwave and hard X-ray observations,
it has been found that impulsive events can be made of struc-
tures with timescales as short as 50–100 ms (Kaufmann et al.
1980; Hurley et al. 1983; Vilmer et al. 1994). More recently,
Aschwanden, Schwartz, & Alt (1995) found, in the range of
25–50 keV, a continuous distribution of the duration of X-ray
pulses in the range of 0.3–3 s. This analysis of fine structures
requires high sensitivity and high time resolution to resolve all
of them. This is possible with the use of large single-dish
antennas at microwaves and millimeter waves (Butz et al. 1976;
Kaufmann et al. 1980; Gaizauskas & Tapping 1980; Tapping
1983). At hard X-rays, the finer time structures are usually
below the statistically meaningful levels of detection. However,
there are few examples that suggest a one-to-one correspon-
dence of the fast time structures at millimeter waves and hard
X-rays (Takakura et al. 1983; Costa & Kaufmann 1986).
Repetition rates of fine time structures superposed onto bursts
were found to be proportional to the mean flux at millimeter
waves, suggesting the idea that the burst emission was quasi-
quantized in energy (Kaufmann et al. 1980). Since these fea-
tures were observed over a wide range of intensities, it is as-
sumed that the millimeter-wave quantized energy at the origin
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of both small and large flares is of the same order (Kaufmann
1985; Kaufmann et al. 1985), whereas the mean flux observed
at a given time would depend on the rate of discrete elements
produced at about that time.
2. DATA ANALYSIS AND OBSERVATIONAL RESULTS
In this Letter, we present two bursts that have been observed
at 48 GHz with high sensitivity and high time resolution by
the large (13.7 m) Itapetinga antenna. The multiple-beam tech-
nique (Herrmann et al. 1992; Costa et al. 1995; Gimenez de
Castro et al. 1998) uses five beams with a width of 29 that
partially overlap each other. During the bursts, whose source
diameters are small compared with the beam sizes, the corre-
lation between the excess antenna temperatures of the different
beams allows us to get an accurate determination of the flux
time profile, which is not altered by any movements of the
antenna with respect to the burst source or vice versa (Makh-
mutov et al. 1997; Gimenez de Castro et al. 1998). The accuracy
of the absolute flux measurement is less than 50% and depends
on a number of observational parameters that are not too well
determined (beam shapes, polarization, atmospheric transmis-
sion, etc.). These, however, are not important for the results of
the present study. At the same time, the multiple-beam tech-
nique also allows the measurement of the instantaneous burst
position with a relative accuracy limited primarily by the track-
ing accuracy and burst intensity (Costa et al. 1995). For the
observations shown here, the relative accuracy is on the order
of a few arcseconds. Finally, the burst positions are computed
by considering the antenna temperature signals above 3% of
the highest beam response, in order to remove side-lobe effects
on the position determination (Herrmann et al. 1992; Gimenez
de Castro et al. 1998).
It is known that the fine structures observed in the flux time
profiles occur randomly, so that standard techniques used for
harmonic analysis are not suitable (Costa et al. 1990). We de-
veloped a simple method that identifies and counts all fine
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Fig. 1.—The solar burst of 1990 August 10 observed with multiple beams
at 48 GHz: (a) the derived flux time profile with the numbers labeling structures
whose positions were determined (see also Fig. 4a); (b) a time-expanded
section with a duration of 5 s (the bars identify fast structures); (c) mean radio
flux vs. .¯ ¯S R
Fig. 2.—Same as Fig. 1, but for the solar burst of 1990 December 30. In
(a), we illustrate the fractional burst energy DE and the time interval DT,
during which DN structures were counted.
structures that are present above a threshold set by the data
noise of the analyzed observation. The method detects all in-
flections in the digitized flux time profile and extracts the levels
of adjacent maxima and minima. It also determines rise times,
durations, amplitudes, time differences between successive
structures, and the mean rate of fine structures during given
time intervals.
We studied two events observed at 48 GHz: 1990 August
10, 18:11 UT and December 30, 13:18 UT. Their overall time
profiles are shown in Figures 1a and 2a, respectively. Examples
of expanded time sections are given in Figures 1b and 2b. The
vertical bars indicate the fast superposed features identified by
our method. The first and second events were analyzed using
a time constant of 50 and 15 ms, respectively, producing an
rms noise of 0.2 and 0.4 sfu, respectively. We adopted the
criterion of 2.5 times the rms level for the burst level detection.
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Fig. 3.—The fractional burst energy DE within the small time interval DT
vs. the number of fast time structures DN observed during the 1990 (a) August
10 and (b) December 30 events.
We divided the events in equal time intervals DT, along which
we determine a number of fast time structures DN, or a mean
repetition rate . A mean flux is determined for¯R̄ 5 DN/DT S
each time interval DT. Figures 1c and 2c present the average
flux, against , where we have chosen 5 and 2 s for DT for¯ ¯S R
the first and second events, respectively. They indicate a strik-
ingly good linear relationship , with correlation coef-¯ ¯S 5 kR
ficients C of 83% and 92% for the two events. This result
confirms the early findings obtained at 22 GHz (Kaufmann et
al. 1980), using single-beam observations. In order to have
comparable flux scales, we used the same calibration criteria
for both events and found, for the coefficient k, values of
6.8 5 0.5 sfu s (August 10) and 8.5 5 1.1 sfu s (December
30), whose differences might not be considered significant in
view of the uncertainties in the absolute flux scales. These
values are comparable to the 5 5 4 sfu s found at 22 GHz
(Kaufmann et al. 1980). However, further observations are
needed on more events, in a larger range of frequencies, in
order to study the spectral characteristic of the primary energy
elements at microwaves and millimeter waves.
The fluxes in excess of the observed pulses’ enhancements,
or “ripple” amplitude, can be representative of elementary
pulses added together at different repetition rates, producing
the observed flux versus time pattern. This analysis can be
done only if the ripple amplitudes are detectable above the
noise and within the time resolution in the data set. In other
words, as the bursts become more intense, each individual
pulse’s signature gets closer in time, becomes indistinguishable,
and cannot be identified, and the analysis is no longer possible.
Fully time resolved pulses quantized in energy may have larger
peak fluxes or larger time durations. The important feature
found here is that the energy content remains the same. Sim-
ulations of the “pile-up” effect of pulses with a given energy
content, and different shapes, were done elsewhere (Loran et
al. 1985).
The quantization property of the burst energy emission can
be verified independently of the repetition rate, by counting the
structures and measuring the energy content in the time inter-
vals DT. At the same time, a fraction DE of the total burst
energy was obtained by integrating the flux density time profile
during DT (as illustrated in Fig. 2a). The results of DE versus
DN are shown in Figure 3a for 1990 August 10 and in Figure
3b for 1990 December 30, where the chosen time intervals DT
are 5 and 2 s, respectively. The excellent linear correlation
between DE and DN is evident. The linear coefficients obtained
are comparable to the values found for k, from , shown¯ ¯S 5 kR
in Figures 1c and 2c, as they should, since they represent the
same 48 GHz emission energy quantized magnitude.
These results were obtained directly from observations sug-
gesting that, for these events, the energetic content is the re-
sponse to emission processes caused by discrete primary en-
ergetic inputs. This observed energetic content may receive a
contribution from a dominating emission mechanism, such as
the synchrotron emission from energetic particles at the im-
pulsive phase.
The location of the elementary burst sources in the flaring
region is the crucial information needed to model plasma in-
stabilities that are responsible for the energy release phenom-
ena. We used the multiple-beam technique (Herrmann et al.
1992; Costa et al. 1995; Gimenez de Castro et al. 1998) to
determine the angular positions of the structures labeled by
numbers in the flux time profile plots shown in Figures 1a and
2a. The results are shown in Figure 4.
The source positions of the elementary bursts are scattered
over an angular extension of 200 and 250 for the 1990 August
10 and December 30 events, respectively. Some sequences of
structures are found clustered within the angular accuracy lim-
itation (of about 30), such as structures (1, 3, 5–8) in the August
event and structures (1, 5, 6) and (2–4, 7) in the December
event. However, other fast structures are displaced from each
other by as much as 200, such as structures 2–4 in the August
event and adjacent structures 6 and 7 in the December event.
These results do not contradict the observations obtained by
different techniques (synthesis interferometers) at lower fre-
quencies with larger integration times. In the range of 2–14
GHz, Owens Valley maps obtained at the maximum of one
event during 12 s have shown a complex structure in space at
all frequencies and two sources separated by more than 150 at
14 GHz with a beam of 70 (Wang et al. 1995). Ten events
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Fig. 4.—Position of fast time structures labeled and shown in Fig. 1, for
the 1990 (a) August 10 and (b) December 30 events. The crosses represent
the tracking accuracy of the Itapetinga antenna (30).
imaged at 17 GHz by the Nobeyama Radioheliograph, obtained
every second, also show complex spatial structures, with
sources separated by about 200, as well as single sources stable
in position (Hanaoka 1997).
3. CONCLUDING REMARKS
In conclusion, we found, for these two events observed at
48 GHz, that the fast discrete structures in time were quantized
in energy and originated from distinct locations, over angular
extents of up to 300, equivalent to the size of a small active
region. The present results show that the 48 GHz emission is
complex and presents a fast evolution both in time and in space.
Therefore, the plasma processes that produce the energy re-
leases might be occurring at spatially distinct, discrete, and
scattered positions. Figures 4a and 4b suggest a preferred scat-
tering of positions along the right ascension, which roughly
corresponds to the east-west magnetic arches direction at the
burst site. The present results favor models that predict multiple
instabilities at different locations over the active region mag-
netosphere, such as, for example, multiple explosive magnetic
islands produced by magnetic arches twisting (Sturrock &
Uchida 1981), coalescence instabilities scattered in space
(Tajima, Brunel, & Sakai 1982), or multiple explosive ele-
mentary magnetic fluxules across the active region (Tarbell &
Title 1977; Sturrock et al. 1984). Separate research is also being
carried out by incorporating high time resolution hard X-ray
burst observations. Of particular importance will be the future
observations at submillimeter wavelengths that are planned for
the new Solar Submillimeter-Wave Telescope (Kaufmann et al.
1997).
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